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Abstract
 
Background: Worldwide, the prevalence of obesity among children has increased dramatically. 
Although the etiology of childhood obesity is multifactorial, to date, most preventive interventions 
have focused on school-aged children in school settings and have met with limited success. In this 
review, we focus on another set of influences that impact the development of children's eating and 
weight status: parenting and feeding styles and practices. Our review has two aims: (1) to assess 
the extent to which current evidence supports the hypothesis that parenting, via its effects on 
children's eating, is causally implicated in childhood obesity; and (2) to identify a set of promising 
strategies that target aspects of parenting, which can be further evaluated as possible components 
in childhood obesity prevention. 
Methods: A literature review was conducted between October 2006 and January 2007. Studies 
published before January 2007 that assessed the association between some combination of 
parenting, child eating and child weight variables were included. 
Results: A total of 66 articles met the inclusion criteria. The preponderance of these studies 
focused on the association between parenting and child eating. Although there was substantial 
experimental evidence for the influence of parenting practices, such as pressure, restriction, 
modeling and availability, on child eating, the majority of the evidence for the association between 
parenting and child weight, or the mediation of this association by child eating, was cross-sectional. 
Conclusion: To date, there is substantial causal evidence that parenting affects child eating and 
there is much correlational evidence that child eating and weight influence parenting. There are few 
studies, however, that have used appropriate meditational designs to provide causal evidence for 
the indirect effect of parenting on weight status via effects on child eating. A new approach is 
suggested for evaluating the effectiveness of intervention components and creating optimized 
intervention programs using a multiphase research design. Adoption of approaches such as the 
Multiphase Optimization Strategy (MOST) is necessary to provide the mechanistic evidence-base 
needed for the design and implementation of effective childhood obesity prevention programs. 
1. Introduction weight and within that estimate, 2–3% are obese [1]. A 
At least 1 in 10 school-aged children worldwide are over- further 3% of children under 5 are obese, according to  Page 1 of 12 
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International Obesity Task Force global estimates based 
on World Health Organization data [1]. These rates are 
highest in developed countries and the Americas, in par­
ticular the United States, are at the top of prevalence rank­
ings. For example, between 1976 and 2004, overweight in 
U.S. infants increased from 7 to 12%, in 2- to 5-year olds 
from 5% to 14% and in 6- to 11-year olds from 4% to 
19% [2]. Because schools provide convenient access to 
children and resources, the majority of interventions 
implemented to combat this problem have been school-
based. Unfortunately, few of these interventions have suc­
cessfully produced long-term, clinically significant 
changes school-aged children's dietary intake, physical 
activity or weight change patterns [3-5]. 
Given this lack of success, an expansion of prevention 
approaches to other contexts and younger age groups is 
warranted. Given that a significant proportion of children 
are already overweight prior to school entry, a focus on 
young children and the home and child-care settings 
where they live provide alternative contexts for obesity 
prevention. The family is the primary social institution 
influencing young children, thus, it is likely that many 
modifiable risk factors for childhood obesity have sub­
stantial roots within the family context. 
Although evidence on how the family context influences 
childhood obesity is still limited, research examining car­
egivers' influence on young children's eating and weight 
status has increased dramatically in recent years, from one 
or two studies per year in 1975 and 1999 to about 15 stud­
ies published in 2006 alone. The objective of this review 
is to summarize and evaluate the evidence for the influ­
ence of parents and caregivers on the development chil­
dren's eating and weight status. Additionally, by reviewing 
and critically assessing the literature currently available on 
this topic, we aim to provide new insights to inform the 
design of obesity primary prevention efforts. 
2. A conceptual model for the influence of 
parents on children's eating and weight 
Figure 1 presents a model depicting pathways of influence 
among three key constructs: parenting, child eating, and 
child weight. This model will be more fully developed 
below, but in brief, parenting encompasses parenting and 
feeding styles and practices, child eating encompasses chil­
dren's eating style, food preferences and dietary intake 
and child weight encompasses indices of children's weight 
status or change in weight status. For the purposes of this 
review, this model is limited to the influence of parenting 
on children's eating and weight, yet a similar model could 
be applied to depict relations among parenting, children's 
physical activity and weight status. 
Figu  1 
A conceptual mediation model for the influence of 
parenting and feeding practices and styles on chil­
dren's eating behavior, dietary preferences, intake
and subsequent weight status.Note: A total of 67 studies 
were reviewed, the numbers under the pathway labels indi­
cate the proportion of studies that addressed that given 
pathway. Fourty-nine studies addressed one pathway, 14 
studies addressed two pathways and only 4 studies 
addressed all three pathways. Note that because some stud­
ies addressed more than one pathway, the n's presented in 
the figure add up to more than 67. The majority of studies 
(34) utilized cross-sectional designs; 11 of studies were longi­
tudinal and 21 used experimental designs to manipulate (or 
simulate manipulation of) parenting. 
The critical question to be addressed using this model is: 
"How does parenting influence a child's weight?" The 
pathways in the model represent links among three con­
structs involved in answering this question: Pathway 1 
addresses the association between parenting and child 
weight, Pathway 2 addresses the association between 
parenting and child eating and Pathway 3 addresses the 
association between child eating and child weight. 
There are two major implications of this model that, as 
will be illustrated below, many of the studies currently 
available fail to embrace. The first implication of this 
model is that the arrows between constructs indicate that 
no association between constructs in this model is unidi­
rectional. Parenting influences child eating and weight, 
but child eating and weight also influence parenting. We 
argue that despite the tendency of many researchers to 
assign direction when interpreting cross-sectional find­
ings (specifically, that the parent is influencing the child), 
the direction of any association found between the con­
structs in this model cannot be determined on the basis of 
cross-sectional evidence; bidirectionality is more likely, 
especially when parent-child interactions are the focal 
point [6]. Only properly designed longitudinal and exper­
imental studies can provide evidence for direction of 
influence. The second implication is that the model spec­
ifies mediation; we argue that, logically, parenting cannot 
have direct effects on child weight. Parents influence child 
weight directly through genetics, but we argue that the  Page 2 of 12 
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influence of parenting on child weight must be mediated 
by effects of parenting on child eating (or other child 
behaviors). Therefore, at minimum, researchers need to 
include measures of parenting, child weight and child eat­
ing in study designs if they desire to accurately explain 
how parenting affects child weight. In contrast, a direct 
association between child weight and parenting is a logi­
cal possibility, as child weight can influence what parent­
ing practices are used. If this is the research question of 
focus, a design with just parenting and child weight status 
variables will suffice. 
Overall, the model presented in Figure 1 will serve as a 
framework for organizing and evaluating the currently 
available research on this topic. An adequate test of this 
meditation model, specifically, that the effect of parenting 
on child weight is mediated by the effect of parenting on 
child eating, requires a research design that includes meas­
ures of all three constructs in the model and provides lon­
gitudinal or experimental evidence supporting a causal 
direction of influence, and that provides some evidence 
for mediation. We will assess the extent to which the cur­
rent literature provides this evidence for mediation pos­
ited by our conceptual model of how parenting influences 
child eating and weight. 
3. Methods 
A literature search was conducted between October 2006 
and January 2007. Articles were collected from Medline, 
PsychInfo, and Proquest databases. Articles were also 
identified from references from published research and 
reviews. Because the main objective of this review was to 
examine evidence for the influence of parenting on child 
eating and weight, only articles that included measures of 
parenting and child eating or weight and addressed one or 
more pathways of the conceptual model presented in Fig­
ure 1 were included. No restrictions were placed on the 
Table 1: Exclusion Criteria 
1. Not written in English 
2. Is not empirical research published in a peer-reviewed journal or
edited book 
3. Did not address influence of parenting on child outcomes (or vice
versa) 
4. Did not include measures of both parenting and child eating and/or 
weight 
5. Did not use human participants 
6. Addressed parent influence on child dieting and/or weight loss 
7. Addressed parent influence on clinical eating or weight problems 
8. Addressed infant feeding practices of children less than 12 months
of age1 
9. Addressed parent influence on adolescent2 eating and weight status 
1 Because many aspects of infant feeding practices are qualitatively 
different from feeding practices of older children, it was decided that 
inclusion of the infant feeding literature was beyond the scope of this 
review and would warrant a separate review paper. 
2 Adolescence was defined as mean sample age over 12 years. 
year of publication, but articles published after January 
2007 were not included. Table 1 presents the exclusion 
criteria used. Literature searches were conducted using 
various combinations of the following key words: parent­
ing style, feeding styles, eating style, authoritarian, author­
itative, permissive, neglectful, indulgent, child feeding, 
feeding practices, feeding strategies, caregiver feeding, 
restriction, pressure, pickiness, reward, feeding attitudes, 
parental influence, child eating, child food preference, 
child food choice, child overweight, child obesity, weight 
status, weight gain, family environment, family context, 
family factors. 
4. Construct definition and clarification 
Before we review the evidence for each pathway of the 
model, we provide a brief clarification of the three main 
constructs in the model. One challenge in reviewing the 
literature is the inconsistent use of terminology across 
studies, especially with respect to parenting. Under the 
broad construct of child eating are studies that have exam­
ined a variety of dimensions of children's eating behavior 
using a variety of measures. In contrast, the majority of 
studies examining child weight have used BMI percentiles 
or z-scores; only a few have also included measures of 
body composition. 
4.1. Parenting, feeding styles versus parenting, feeding 
practices 
The literature we reviewed often failed to make consistent 
distinctions between the terms parenting styles and parent­
ing practices. Research on parenting and child outcomes 
has its origins in developmental psychology, which asserts 
that parenting styles and parenting practices are related 
but distinct and have differing influences on and implica­
tions for child outcomes. The term parenting style 
describes differences among parental attitudes and styles 
of interacting with children that could result in individual 
differences among children in key outcomes. In contrast, 
the term parenting practice describes a specific behavioral 
strategy employed by parents to socialize their children 
[7]. 
4.1.1. Parenting style 
Traditionally, developmental psychologists define the 
concept of parenting style as a typology of attitudes and 
behaviors that characterize how a parent will interact with 
a child across domains of parenting [7]. For example, 
based on demonstration of demandingness (defined as 
behavioral control over the child) and responsiveness 
(defined as warmth and supportiveness for the child), 
parenting can be classified as one of four specific styles: 
authoritative, authoritarian, indulgent or neglectful [8]. 
Parenting styles are conceptualized as providing a context 
for development, which can either undermine or facilitate 
the parenting practices a parent employs to socialize his or  Page 3 of 12 
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her child [7]. From this perspective, parenting styles have 
an indirect effect on children's outcomes: parenting styles 
moderate the effect of parenting practices because they 
influence the effectiveness of specific parenting practices. 
Hughes and colleagues have narrowed the definition of 
parenting style to focus solely on parenting styles related 
to child feeding behaviors [9-11]. For example, Hughes 
and colleagues classify caregivers as having an authorita­
tive, authoritarian, indulgent or uninvolved child-feeding 
style based on their use of demanding or responsive child-
feeding behaviors and attitudes [10]. Application of the 
parenting style conceptualization to the feeding context 
implies that parents possess overarching styles that can 
describe how they interact with their children during all 
feeding situations. Examples of validated measures that 
assess parenting and feeding styles (respectively) are the 
General Parental Control Scale [12] or the Caregivers' 
Feeding Style Questionnaire [10]. 
4.1.2. Parenting practices 
Because parents have specific goals for their children's 
development, parenting practices differ depending on 
parents' perceptions of threats to these goals [13]. This 
implies that parenting practices are less trait-like and more 
responsive to contexts; within a parent, parenting style is 
consistent but parenting practices may differ across chil­
dren within the same family depending on child age, gen­
der, eating behavior, and weight status. With respect to 
child feeding, these practices may be specific behavioral 
strategies parents employ to control what, how much or 
when their children eat. Thus, feeding practices include 
behaviors such as pressuring children to eat, using food as 
a reward, restricting access to select foods or groups of 
foods, modeling or use of food to pacify or control. Exam­
ples of validated measures that assess practices include the 
Child Feeding Questionnaire [14], Parental Control Index 
[15], and the Comprehensive Feeding Practices Question­
naire [16]. 
4.2. Eating style, food preferences, dietary intake 
These terms describe different dimensions of children's 
eating behavior. Eating style represents specific aspects of 
how a child eats, for example a child's tendency to eat in 
the absence of hunger, to show dietary restraint or disin­
hibited eating around food or to exhibit pickiness. Eating 
styles are often assessed through questionnaires (for 
example, the Dutch Eating Behavior Questionnaire [17]) 
but can also be measured through observational behavio­
ral protocols (for example, the free access protocol [18]). 
Food preferences represent children's likes and dislikes and 
are typically assessed through preference taste tests, ques­
tionnaires, visual analogue scales or category ranking 
scales. Dietary intake represents the actual foods eaten or 
dietary patterns observed and is typically measured by 
food frequency questionnaires, dietary recall interviews, 
food records or in laboratory studies by weighed intakes. 
4.3. Weight status 
Perhaps the most straightforward of the three constructs 
within this model, weight status is a broad term; it can 
refer to a child's body mass index (BMI) or to other meas­
ures of body composition that provide an index of obesity 
(i.e., percent body fat). The precision and validity of these 
measures can vary, ranging from self-reported weight and 
height to gold standard techniques, such as Dual X-ray 
Absorptiometry (DXA) body scans. Measures such as Bio­
electrical Impedance Analysis (BIA) or skin-folds also pro­
vide estimates of fat and fat-free mass, but are less accurate 
than the DXA scans. BMI is the most common weight sta­
tus indicator used and is calculated from reported or 
measured height and weights. Studies with children typi­
cally use BMI percentile- or z-scores, which standardize 
BMI across age and sex to allow for accurate comparisons 
among different ages and sexes. 
5. Results 
A total of 67 studies were identified as meeting the criteria 
presented in Table 1 and addressing one or more of the 
pathways in conceptual model presented in Figure 1. 
Table 2 summarizes the studied by study design, as well as 
by the proportion of significant studies identified within 
each pathway and conceptual area. All studies included 
within this review are summarized in Tables 3 and 4, 
which are organized by the combination and number of 
pathways each study addressed. Table 3 [see Additional 
file 1] contains studies that address Pathway 1, either 
alone or with Pathways 2 and 3. Similarly, Table 4 [see 
Additional file 2] contains studies that address Pathway 2, 
either alone or with Pathway 3. 
Research designs differ in the strength of the evidence they 
provide for making inferences about causality. Cross-sec­
tional designs provide the weakest evidence for causality, 
as cross-sectional findings are most susceptible to spuri­
ous relationships and can show associations but not direc­
tion of influence. Appropriately designed longitudinal 
studies, where the independent variable precedes the 
dependent variable and all other covariates (including ini­
tial status on the dependent variable) are controlled for, 
can provide better evidence for causality. However, 
because longitudinal designs are typically based on obser­
vational or survey data, they are also susceptible to spuri­
ous relationships if all relevant covariates are not 
accounted for; this underlines the importance of measure­
ment and analysis of appropriate covariates to fully 
account for potential third-variable problems. As will be 
illustrated below, many studies control for demographic 
covariates, such as parent education or income, but do not 
control for other important and influential covariates,  Page 4 of 12 
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Table 2: Percent significant findings within each pathway by study design1 
Cross-sectional Longitudinal Experimental Total 
Pathway 1: Parenting ⇔ Child Weight 
Parenting styles: 
General 332 (1/3)3 100 (1/1) 0 (0/0) 33 (1/3) 
Feeding-Specific 100 (3/3) 0 (0/0) 0 (0/0) 100 (3/3) 
Parenting practices: 
Pressure to Eat 91 (10/11) 50 (1/2) 0 (0/0) 85 (11/13) 
Restriction 56 (5/9) 80 (4/5) 0 (0/1) 64 (9/14) 
Availability/Modeling 100 (1/1) 0 (0/1) 0 (0/0) 50 (1/2) 
Pathway 2: Parenting ⇔ Child Eating 
Parenting styles: 
General 100 (2/2) 0 (0/0) 0 (0/0) 100 (2/2) 
Feeding-Specific 100 (1/1) 0 (0/0) 0 (0/0) 100 (1/1) 
Parenting practices: 
Pressure to Eat 100 (6/6) 100 (2/2) 100 (7/7) 100 (15/15) 
Restriction 100 (6/6) 100 (4/4) 100 (2/2) 100 (12/12) 
Availability/Modeling 91 (10/11) 100 (4/4) 67 (8/12) 81 (22/27) 
Pathway 3: Child Eating⇔ Child Weight4 
50 (2/4) 75 (6/8) 0 (0/0) 67 (8/12) 
Note: Because some studies address multiple constructs and/or pathways, studies included in proportions may overlap 
1 Pathways based on the conceptual model presented in Figure 1 
2 Proportion of significant studies within study design and pathway 
3 Number of significant studies/total number of studies 
4 Within the context of parenting styles and feeding practices 
such as maternal BMI. Experimental designs, where an 
independent variable (e.g., restricting access to palatable 
foods) is manipulated and all other covariates (e.g., hun­
ger, weight status, socioeconomic status [SES]) are held 
constant across treatment and control groups, provide the 
strongest evidence for causality. Note that in the following 
sections, we review the evidence for each pathway by first 
reviewing the weakest, cross sectional evidence, and then 
proceeding to a review of any evidence from longitudinal 
and experimental studies. 
5.1. Evidence for the association between parenting style 
and child eating, weight 
A small proportion of the literature reviewed (seven stud­
ies) has focused on the association between parenting 
style and child weight (Pathway 1, Figure 1) and even 
fewer studies (two studies) examined the influence of 
parenting style on child eating (Pathway 2, Figure 1), 
either independently (just examined Pathway 2) or in 
combination with an examination of associations 
between parenting style and child weight (examined Path­
ways 1, 2 and/or 3). As shown in Table 2, all but one of 
these studies were cross-sectional; thus, despite reported 
significant findings from the majority of these studies, evi­
dence from these studies cannot provide support for a 
causal influence of parenting style on child eating or 
weight. 
5.1.1. General parenting style, child eating and child weight 
Cross-sectional evidence for the association between gen­
eral parenting style and child weight is inconsistent and, 
due to a lack of causal longitudinal or experimental data, 
any evidence available can only show general parenting 
style is in response to child weight and eating. As shown 
in Table 3 [see Additional file 1], discrepancy in the meas­
urement and conceptualization of parenting style may 
partially account for inconsistent cross-sectional findings. 
In one study, "democratic" parenting style was among 
several variables (including age, gender, poor parent-child 
communication, and poor behavior control) that signifi­
cantly associated with higher child BMI, as well as higher 
sugar and total food intakes [19]. However, these cross-
sectional data do not provide causal evidence for effects of 
parenting style on child weight, and are at least as likely to 
reflect the effects of child weight and eating on parenting. 
In two other studies, which used different measures and 
conceptualizations of parenting style, general parenting 
style was not associated with child weight [20,21]. 
Only one longitudinal study could be identified that pro­
spectively examined whether general parenting style pre­
dicts subsequent child overweight; Rhee and colleagues 
found that mothers with more authoritarian, permissive 
(similar to indulgent) or neglectful parenting styles were 
significantly more likely to have children who were over­
weight two years later, compared with mothers with 
authoritative parenting style, even after controlling for 
several covariates, such as child BMI at study entry, race,  Page 5 of 12 
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SES and parent marital status [22]. These findings are lim­
ited, however, because particularly relevant covariates, 
such as maternal weight status, were not assessed. No 
published longitudinal data were identified that 
addressed relations between general parenting style and 
child eating or the possible mediating effects of child eat­
ing on the association between general parenting style 
and child weight. Additionally, no experimental studies 
have been conducted to examine the causal effect of 
parenting style on child eating and weight. Thus, although 
limited longitudinal data suggests parenting style is pre­
dictive of child weight, in the absence of experimental or 
causal influence data, there is no clear evidence regarding 
the direction of this association or what might mediate 
any causal influence of general parenting style on child 
weight. 
5.1.2. Feeding-specific parenting style 
As shown in Table 3 [see Additional file 1], only three 
studies have focused on feeding-specific parenting style 
and all use cross-sectional designs [9,10,23]; thus, 
although the current data available supports an associa­
tion between feeding-specific parenting style and child 
eating and weight, the direction of this association is 
unclear. These cross-sectional studies have shown that 
children with indulgent parents have higher BMI z-scores 
than those with authoritarian parents [10]. Additionally, 
families with overweight children used more permissive 
(or indulgent) feeding styles and maladaptive control 
strategies and fewer supportive strategies, compared to 
families with non-overweight children, even after control­
ling for SES and parent BMI [23]. Measures of child eating 
were not included in any of these studies. 
Only one cross-sectional study examined the association 
between feeding-specific parenting style and child eating, 
however no measure of child weight was included in this 
study (refer to Table 4 [see Additional file 2] for study 
details) [11]. Findings revealed that authoritative feeding 
styles were related to higher availability of fruit and vege­
tables in the home, as well as higher child consumption 
of dairy and vegetables [11]. This study controlled for 
some demographic covariates (for example, parent educa­
tion level), but it is difficult to determine whether parent­
ing style itself is affecting child eating or whether a third 
variable not included as a covariate (for example, parent 
weight status or dietary intake) is affecting both parenting 
and child eating. To our knowledge, no longitudinal or 
experimental studies have been conducted to examine 
whether feeding-specific parenting style can influence 
child weight via effects on child eating. Thus, in the 
absence of experimental or longitudinal evidence on the 
direction of influence, we cannot determine from cross-
sectional data whether permissive or indulgent feeding-
specific parenting styles are a cause or a consequence of 
child weight status and eating behavior. 
5.2. Evidence for the association between parenting 
practices and child eating, weight 
A large proportion of the literature reviewed was focused 
on effects of parenting practices on child eating (Pathway 
2, Figure 1). As shown in Table 2, a greater portion of 
experimental studies have been conducted within this 
pathway, all with the aim of determining the impact of 
specific feeding practices on modifying children's food 
preferences or intake. Thus, there is strong evidence that 
specific feeding practices can influence measures of child 
eating. With respect to child weight, a higher proportion 
of cross-sectional relative to longitudinal or experimental 
designs were used to assess the association between 
parenting and child weight (Pathway 1, Figure 1). Addi­
tionally, few studies have also included measures of child 
eating within their examination of the association 
between parenting and child weight. Thus, the current evi­
dence for an association between parenting and child 
weight, taken alone, does not provide sufficient support 
for a causal influence of parenting practices on child 
weight, but combined with the strong experimental evi­
dence for an impact of parenting practices on child eating 
suggests that parenting practices do affect child weight 
through the impact of parenting practices on child eating. 
5.2.1 Pressure to eat 
Cross-sectional and longitudinal data reviewed within 
this section provide evidence that higher levels of parental 
pressure are associated with lower levels of child intake 
and weight and higher ratings of child pickiness; experi­
mental evidence provides evidence that pressure can 
result in food dislikes and reduced intake, but no experi­
mental evidence has also shown that these modifications 
in child eating result in subsequent changes in child 
weight. As shown in Table 3 [see Additional file 1], cross-
sectional studies have consistently supported an inverse 
association between parental use of pressure and child 
weight [24-28]. With respect to child eating, observational 
studies reveal higher levels of pressure during feeding are 
associated with higher child energy intake [29,30], but 
also with longer meal duration [31]. Other cross-sectional 
data have shown pressure is associated with lower dietary 
quality [30,32,33] and higher levels of restraint and emo­
tional disinhibition in children [34]. Carruth and col­
leagues reported that parents report using more pressure 
during feeding of children who are perceived as picky or 
whose eating is viewed as problematic [35]. This particu­
lar study also examined associations between child eating 
and child weight, but did not find pickiness associated 
with child weight. Although, as a whole, this cross-sec­
tional evidence provides fairly consistent support for the 
association between pressure and child eating and weight,  Page 6 of 12 
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the direction of this association is unclear by nature of 
cross-sectional data; children may take longer to eat, 
refuse to eat certain foods and become pickier in defiance 
to parent use of pressure, but it is just as possible, based 
on these cross-sectional data, that parents apply pressure 
during feeding when children eat too slowly, eat 
"unhealthy" foods or display eating behaviors that the 
parent perceives as problematic. This possibility is sup­
ported by the finding that parents who perceive their child 
to be overweight report less use of pressure during feeding 
[20,26], and that parents who perceive the child to be thin 
are more likely to report use of pressure to increase the 
child's intake [36]. 
Very few longitudinal studies have examined associations 
between pressure and child eating and weight across 
childhood. Only one study examining the association 
between pressuring feeding practices and child weight was 
identified (see Table 3 [see Additional file 1]); findings 
from this study supported an association between parent 
use of pressure and lower child weight over time, even 
after controlling for initial child weight [37]. Only two 
studies have examined the association between pressure 
and child eating across childhood (see Table 4 [see Addi­
tional file 2]); these studies provide further support that 
pressure during feeding in the form of coercion is associ­
ated with higher levels of pickiness and poorer dietary 
intakes across childhood [38,39]. Both of these studies 
also assessed the association between pickiness and child 
weight, but findings were discrepant. Carruth and Skinner 
reported no association between pickiness and child 
weight [38], while Galloway and colleagues found that 
pickiness was associated with lower child weight [39]. 
Both sets of findings were limited, however, because nei­
ther of these studies adjusted for covariates such as SES or 
parent weight status. 
Several experimental studies have provided causal evi­
dence for, as well as a more detailed understanding of, the 
association between pressure and child intake and prefer­
ences. Table 4 [see Additional file 2] provides summaries 
for these studies. When children were rewarded for con­
sumption of a target food (e.g., "if you eat your broccoli 
you can have dessert"), intake of the target food in that 
setting increased [40], but preference for that food 
decreased [41-43]. Galloway and colleagues found that 
when children were pressured to eat (e.g. "you must finish 
your soup"), children made more negative comments 
about the soups they were pressured to eat, consumed less 
of them and had decreased preference for the soups (refer 
to Table 3 [see Additional file 1] for study details) [44]. 
None of these experimental studies also assessed the 
impact of increased or decreased child intake on subse­
quent child weight, but the study by Galloway and col­
leagues does provide some insight into the interrelations 
between parental pressure, child eating and child weight. 
In addition to a causal effect of pressure on child eating, 
Galloway and colleagues also found that children with 
lower BMI-percentile scores were more likely to be pres­
sured to eat at home and were less affected by the experi­
mentally manipulated pressure to eat session. Thus, this 
evidence suggests that parental use of pressure is elicited 
by concerns about the child's low weight status or low lev­
els of child intake but that pressuring children to eat does 
not have the desired effects on food preferences or con­
sumption [44]. 
5.2.2 Restriction 
Six out of six cross-sectional studies revealed associations 
between restrictive feeding practices and child eating, 
while four out of five longitudinal studies indicated that 
greater intake of restricted foods was associated with 
higher weight status and greater weight gain. In addition, 
evidence from two experimental studies has shown that 
restrictive feeding practices can increase intake of and 
preference for palatable foods. As shown in Table 3 [see 
Additional file 1], although one cross-sectional study has 
reported no association between parental restriction and 
child weight [27], the majority have reported higher levels 
of restriction are associated with higher child weight 
[24,45,46]. In their study, Fisher and colleagues also 
assessed child eating and found restriction was also asso­
ciated to higher levels of eating in the absence of hunger 
[46]. Given that several studies have reported parental 
perception of child weight is associated with parental use 
of restriction [24,45-47], these cross-sectional data, taken 
alone, only provide evidence the effects of child eating 
and weight on parenting practices: heavier children elicit 
restrictive feeding practices. 
With respect to studies that only examined the association 
between parenting and child eating (refer to Table 4 [see 
Additional file 2]), parents' reports of restrictive feeding 
practices, as well as daughters' reports of parent use of 
restrictive feeding practices, were associated with higher 
child disinhibition [34] and greater child consumption in 
the absence of hunger when children were given free 
access to an array of palatable snack foods [46,48]. Addi­
tionally, children reported more negative self-evaluations 
in response to eating in the absence of hunger when they 
experience higher levels of restriction at home [48]. In 
other cross-sectional studies, parental restriction of high 
sugar foods was associated with higher preference for 
those foods [49]. These cross-sectional data cannot, how­
ever, inform as to whether restrictive feeding practices are 
a response to or a cause of disinhibited eating tendencies, 
preferences for sugary foods and low intakes of fruits and 
vegetables. Additionally, none of these cross-sectional 
studies also included assessment of the association 
between child eating and weight within the context of par- Page 7 of 12 
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ent restriction. Consideration of the longitudinal and 
experimental data on the effect of restriction of child eat­
ing provides insight regarding the influence of restrictive 
feeding practices on child eating and weight. 
Longitudinal data reveal parental restriction at age 5 pre­
dicts child weight at age 7 after adjusting for children's ini­
tial weight status [37]. Additionally, higher levels of 
maternal restriction during early childhood are associated 
with higher initial child weight, and are predictive of 
higher levels of and greater increases in overeating of pal­
atable foods, as measured by eating in the absence of hun­
ger in daughters during later childhood [48,50,51]. 
Higher levels of and greater increases in eating in the 
absence of hunger associated with higher weight status 
and risk for overweight across childhood [18,51]. 
Although this evidence comes from a combination of 
studies, overall, it provides the closest evidence for medi­
ation yet, showing an indirect effect of parenting on child 
weight via effects of parenting on child eating. 
Two experimental studies have examined the influence of 
restriction on child eating, focusing on children's food 
preferences and intake. Evaluation of a parent education 
intervention to reduce parental use of controlling feeding 
practices indicated that children's fruit intake increased in 
response to reduced parental use of restrictive feeding 
practices; although children's preference for fruit did not 
change (refer to Table 4 [see Additional file 2] for study 
details) [52]. In a different study, when children were pre­
sented with two snack foods, one that was freely accessible 
and another that was restricted, children made more 
requests for and attempts to obtain the snack that had 
been previously restricted, relative to a similar snack that 
had not been restricted (refer to Table 3 [see Additional 
file 1] for study details) [53]. When children were given 
access to the restricted snack, they ate more of and had 
increased preference for it. Within this experiment, chil­
dren who were more restricted at home were more 
responsive to restriction and also had higher weight status 
[53]. Neither of these studies assessed whether altered 
child eating in response to increased or decreased restric­
tion was associated with changes in child weight. Addi­
tionally, Ogden and colleagues have suggested that 
restrictive feeding practices should be conceptualized as 
covert and overt control; these authors provide evidence 
that when restrictive feeding practices are distinguished as 
covert versus overt, they are associated with differing par­
ent and child characteristics, as well as differing child 
snacking behaviors [45]. No other studies have conceptu­
alized restrictive feeding practices in this way, but this may 
be an avenue for future research. Overall, however, this 
longitudinal and experimental evidence reveals that 
restriction may contribute to higher child weight by pro­
moting overeating in the presence of palatable energy 
dense foods. 
5.2.3 Modeling and availability 
Limited cross-sectional and longitudinal data suggest 
food availability and social modeling are both associated 
with child eating, but a large number of experimental 
studies have shown availability (in the form of repeated 
exposure) and social modeling can influence child eating. 
Repeated experience with novel foods can increase chil­
dren's preferences for and intakes of target foods. To our 
knowledge, only one cross-sectional study has examined 
the association between modeling or availability and 
child weight [25]. Matheson and colleagues found that 
high food availability in the home environment was asso­
ciated with lower child weight, but only in food-insecure 
families. As a possible mediator, lower child energy intake 
was also associated with higher food availability in these 
findings. Modeling (and not availability) of food intake 
was associated with lower child weight and energy intake 
in food-secure families. As shown in Table 4 [see Addi­
tional file 2], cross-sectional evidence focusing exclusively 
on the association between parenting and child eating has 
revealed that the extent to which parents, particularly 
mothers, practice healthy eating behaviors and make 
healthy foods readily available correlates positively with 
children's level of consumption [15,32,36,54-58]. Several 
of these studies reported associations even after control­
ling for demographic covariates; note, however, that the 
effects of availability and modelling are naturally con­
founded in observational studies. If a parent or caregiver 
is making certain foods available in the home, it is likely 
because that parent or caregiver is also eating those foods; 
thus these two influences can be difficult to separate 
because they naturally co-occur. 
Only a few longitudinal observational studies have exam­
ined the relationships among modeling and availability 
and child eating, but none of these studies have also 
included measures of child weight. These studies are sum­
marized in Table 4 [see Additional file 2] and have sup­
ported cross-sectional evidence that modeling of intake 
and availability of healthy food both predict healthier 
diets in children over time [59,60]. However, Fisher and 
colleagues revealed that, although maternal modeling of 
dairy intake predicted daughter's dairy intake, this associ­
ation was mediated by the availability of dairy food in the 
home. Fisher and colleagues also noted that healthier 
child intake patterns (specifically, meeting calcium 
requirements) associated with lower weight across child­
hood [59]. 
Experimental studies of modeling and availability are 
summarized in Table 4 [see Additional file 2] and have 
revealed significant causal influence of these factors on  Page 8 of 12 
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children's preferences and intakes. With respect to mode­
ling, experimental data have consistently shown that the 
presence of a peer or adult model facilitates young chil­
dren's acceptance of new foods [61-65]. With respect to 
availability, the majority of studies have indicated that 
repeated exposure does increase children's familiarity and 
acceptance of novel foods. Children consumed more of 
and reported increased preference for a novel food after 
being repeatedly exposed to it [66-71]; only one study 
reported negative findings [72]. None of these experimen­
tal studies also assessed whether these alterations in child 
eating were associated with changes in child weight. 
6. Conclusion 
Young children are dependent on parents and caregivers 
for food, making parents' choices about feeding key deter­
minants of children's eating experiences. These choices 
include when eating will occur, the extent to which feed­
ing occurs in response to children's indication of hunger 
or distress, the contexts within which eating will occur, the 
foods and portions sizes that will be made available to 
children, and which feeding practices will be used to pro­
mote or discourage children's eating. All of these choices 
have the potential to influence children's early learning 
about food and eating. Thus, parents influence children 
by shaping their eating environments, but this influence is 
bidirectional, as parenting is, in part, a reaction to child 
characteristics. This reality must be kept in mind, espe­
cially interpreting evidence from observational, cross-sec­
tional research. Holistically understanding the factors that 
influence parenting and feeding is key to success in 
attempts to positively impact children's eating and weight 
outcomes. In the interest of effectively preventing child­
hood obesity, the current evidence shows there are many 
modifiable risk factors for childhood obesity that reside in 
young children's family environments. 
The preponderance of evidence examining associations 
between parenting, child eating and child weight provides 
support for associations between parenting practices and 
child weight, however this evidence alone is not sufficient 
to answer the question "does parenting influence child 
weight?" As shown in Table 2, the majority of the studies 
that address the association between parenting and child 
weight are cross-sectional, do not include measures of 
child eating, and cannot provide evidence for direction. 
The direction of influence is an especially pertinent issue 
within this literature, as parent-child interactions are char­
acterized by bidirectional influences [6]. In the absence of 
solid evidence that parenting causally influences child 
weight via an influence on child eating, evidence from the 
general parenting literature, showing that parenting is 
responsive to and influenced by child characteristics and 
behaviors, suggests any direct association seen between 
parenting and child weight is in the other direction, with 
child weight influencing parenting [6,13,73]. 
With the ultimate goal of developing a comprehensive 
understanding of how parents affect children's eating and 
weight status outcomes, as well as how children's eating 
and weight status affects parenting, research is needed to 
empirically test the meditational model presented in Fig­
ure 1. Research designs should reflect the inclusion of all 
three pathways, use validated measures of all three con­
structs, use experimental designs to assess causality and 
include assessment of covariates (for example, SES or 
maternal weight status) to rule out spurious associations. 
If all of these considerations are in place, then mediation 
can be tested by the traditional four step method pro­
posed by Baron and Kenny [74]: (1) show that parenting 
is correlated with child weight status (Pathway 1), (2) 
show that parenting is correlated with child eating behav­
iors (Pathway 2), (3) show that child eating behaviors are 
correlated with child weight status (Pathway 3), and (4) 
show that the association between parenting and child 
weight (Pathway 1) is no longer significant when child 
eating is added to the model. 
Overall, none of the 67 studies reviewed above met all cri­
teria needed to test this full conceptual mediational 
model. Additionally, only 4 studies included all three 
pathways (see Table 3 [see Additional file 1]); these stud­
ies provided some support for the influence of parenting 
practices (pressure, restriction) on child eating (eating 
more, eating in the absence of hunger), which then pre­
dicted higher weight and greater weight change across 
childhood [31,46,50,51]. However, the generalizability of 
these and other studies was limited. First, many authors 
maintain a unidirectional focus in their interpretation of 
findings, asserting that parenting is influencing child eat­
ing and weight; the issue of how child eating and weight 
influences parenting has not been sufficiently addressed 
in the literature. Another limitation is that many studies 
fail to also assess covariates representing characteristics of 
families that may influence parenting, child eating and 
child weight, thus spurious associations (e.g., associations 
between family income or parent weight status and both 
parenting practices and dietary choices) cannot be ruled 
out. Future research utilizing experimental manipulation 
or appropriately designed longitudinal studies needs to 
encompass and appreciate the constant bidirectional 
influences that occur between parents and children with 
respect to parenting, child eating and child weight, as well 
as the potential confounders that are also influential 
within this research realm. 
Across all pathways and study designs, there is a lack of 
consistency with respect to the definition of constructs 
and the validity of measures. This problem is particularly  Page 9 of 12 
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severe in the case of defining parenting styles, which 
makes comparability across these studies very difficult. 
Additionally, variability in construct definition and meas­
ure validity across studies can result in inconsistencies in 
findings that are not due to the true nature of the varia­
bles, rather due to discrepancies in how the variables were 
measured. Finally, most research in this field has been 
conducted with white, middle to higher SES children, 
which limits our ability to generalize findings. Research is 
needed with diverse samples, as there is evidence for 
racial/ethnic variation and for differences between daugh­
ters and sons, in both the parenting practices used and the 
relations between parenting and child outcomes [75-77]. 
Where does the field go from here? It is time to start pro­
viding evidence for causal pathways, which will provide a 
stronger evidence-base for building obesity prevention 
and intervention programs targeting young children and 
their parents. The above review revealed that this field has 
an oversupply of evidence for associations between 
parenting on child eating and weight. Experimental and 
appropriately designed longitudinal research is needed to 
provide solid, causal evidence for the direction of these 
associations. Only two studies assessed whether parenting 
could be modified and whether this modification resulted 
in significant changes in child eating and weight [52,78]; 
such evidence can provide important insights for poten­
tial intervention components that will have a high likeli­
hood of success. Future research is needed to examine 
other relatively unexplored issues, including how child 
attributes influence parenting choices and how other 
characteristics, such as ethnicity, SES, and parent weight 
status, moderate the association between parenting and 
child eating and weight. 
One promising framework for taking these next steps is 
the Multiphase Optimization Strategy (MOST) developed 
by Collins and colleagues [79]. Implementation of this 
framework allows for the design and evaluation of opti­
mized interventions through a three phase approach: 1) a 
screening phase where candidate intervention components 
are selected or rejected depending on causality established 
through randomized experimentation; 2) a refining phase 
where closer examination of component dosage and tai­
loring is assessed; and 3) a confirming phase where an inter­
vention is finally built from the candidates identified in 
the first two phases. The key to this approach is that an 
intervention is not developed until a sufficient evidence-
base is formed, allowing for a higher likelihood of inter­
vention success and a better understanding of the inde­
pendent and interactive effects all intervention 
components. 
In summary, the dramatic increase in studies examining 
links between parenting, child eating and child weight is 
one indicator of the progress this field has made over the 
past three decades. Although our review reveals some well 
established associations between aspects of parenting and 
child eating and weight, the evidence for the influence of 
parenting and feeding practices on children's eating and 
weight status is limited. Additional research addressing 
these limitations is essential to informing the design of 
early interventions intended to modify the early feeding 
context and to influence children's eating and weight. Fur­
ther research is needed to assess: (1) causal influences of 
parenting on child eating and weight; (2) whether child 
behavior mediates the influence of parenting on child 
weight; and (3) how these relations may be moderated by 
demographic and individual factors such as family ethnic­
ity, income, education and parental weight status. Finally, 
we suggest a multiphase research strategy [79], which pro­
vides an approach for identifying, selecting, and evaluat­
ing aspects of parenting and child feeding practices as 
components in optimized preventive interventions for 
childhood obesity. 
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